The direct laser interference lithography, based on bi-prism, tetragonal pyramid and an axicon was used as a tool for periodical structuring of different bioscaffolds. The simple, source laser system with stable Nd:YAG laser resonator, amplifying system (energy up to 1 J) and prism-based interferometer optics gave possibility to create periodical, linear, dotted and even circular surface structures, with high degree of periods, width and depth control. The general idea consists of the imitation of the structure and function of tissues and adoption of these solutions for the material science. It is well known that the influence of the artificial material on the cellular processes related to the differentiation, proliferation and growth are dependent on the chemical composition and surface topography as well as mechanical properties of applied materials. The most recent studies focus on the cell interaction with flat scaffolds. However, cells are found covering a highly rough surface in the blood vessels. The work was related to reconstruction of the structure and function and topography of luminal side of the blood vessels. The most important aspect was to recreate cellular niches which plays specific function on the activation and differentiation of stem cells. The mechanical stresses generated at any certain site depend on the surface micropatterns of the material as well as the other signals that cell receives from chemical stimuli. This work is one of the first attempts to determine correlation of surface micro-topography with biochemical stimulation by adsorbed on the materials surface molecules and both factors potential influence on cellular response. The study was aimed at showing the mechanism of human endothelial progenitor cells adhesion, morphology and function control in response to surface patterning. It was found that micro-channels enhanced intercellular connections forming tight junctions and the appropriate progenitor cell differentiation.
INTRODUCTION
Direct Laser Interference Lithography (DLIL) is increasingly applied for periodical shaping of material surfaces and for changing their properties [1] . The DLIL can serve as a universal tool, among others to improve tribological properties [2] , such as friction, wear and hardness, or optical properties [3] , including changes of absorption and improvement of antireflectivity. DLIL applications in bioengineering for shaping biocompatible scaffolds for tissues using patterned materials with enhanced mechanical properties [4] and selectively influencing the growth and development of cells [5] are particularly interesting. DLIL technique uses two or more superimposed laser beams that create an intense interference field which is further reproduced on the processed surface. It does not require any preparation or treatment of the area, and the only requirement is a sufficient absorption of material and high enough power density of radiation. Creation of the periodical interference structures with a high degree of order on the surface of almost all materials is possible in a single technological step. There are a lot of methods for dividing a laser beam into an arrangement of many interfering beams [6] . The prism-based method proposed in this paper is one of the simplest solutions [7, 8] .
The direct laser interference lithography and direct laser writing techniques have been previously successfully tested in the structuring of diamond-like carbon layers [9, 10] and the topographical response of smooth muscle cells and endothelial cells to the pattern and form of structuring [11, 12] . Stem cells, which were used herein, are defined as self-renewable and producing differentiated, specialized cells [13÷15] . Each stem cell is capable for proliferation, self-renewal and differentiation through divisions, which are asymmetrical and therefore give rise to two-derived cells, which differ from each other. One of them is the same as the original stem cell, so that supports the population, while the other matures. Each cell, which grows and matures, has its own niche. Each niche is a spatial structure of cells and extracellular material. It forms a microenvironment that keeps the cells and gives signals to the main cell proliferation, maturation, or to self-renewal. During cell division, stem cells divide asymmetrically on the stem cell, which returns to the niche and progenitor, which is the initial form of the tissue to be reconstructed.
In the work progenitor induced cells were used. Induced endothelial cells (i-cells) are purified human endothelial cells derived from pluripotent stem cells. I-cells can be used immediately or maintained over multiple passages. These cells are suitable for use in vascular biology research including angiogenesis, artherosclerosis, inflammation and other research areas. In cell therapy are used to rebuild tissue. The use of appropriate procedures of de-differentiation of the cell makes possible to obtain the recipient's cells, dedifferentiate them and re-introduce the appropriately directed differentiated cells to rebuild damaged tissue. I-cell medium supplement has been specially formulated with VascuLife VEGF. Endothelial Cells were cultured within several bioengineered platforms mimicking the in vivo microenvironment and formed vascular architecture to enable tissue engineering and discovery applications [16] . Assays for measuring migration, invasion, and vascular sprouting in response to cytokines and inhibitors are also reported along with basic characterization data. I-cell exhibit characteristic gene and protein expression like CD 31, CD 62E or ZO-1. Anty CD-31 is a cell adhesion molecule which is required for leukocyte transendothelial migration (TEM) under most inflammatory conditions. It localizes to the lateral border recycling compartment (LBRC) and recycles from the LBRC to the junction in resting endothelial cells and Cell junction. CD 62E is cell-surface glycoprotein having a role in immunoadhesion [17÷19] . It mediates in the adhesion of blood neutrophils in cytokine-activated endothelium through interaction with PSGL1/SELPLG. Additionally, it may have a role in capillary morphogenesis. ZO-1 -this gene encodes a protein located on a cytoplasmic membrane surface of intercellular tight junctions [20, 21] . The encoded protein may be involved in signal transduction at cell-cell junctions. Two transcript variants encoding distinct isoforms have been identified for this gene.
PRISM-BASED LASER INTERFERENCE
Method of prism-based interference consists of formation of a divergent beam, e.g. using a negative lens, division of this beam in the prism, and focusing the resulting multiple beams at the surface of the irradiated material. The number of interfering beams depends on the prism geometry (Fig. 1a) . Structure period for two beams (bi-prism) is defined by a simple equation [7] :
where λ is a wavelength, D is a distance between source and sample, d is a physical interpretation of distance between two virtual sources ( Fig. 1a) , namely:
where a is a distance between the source and the prism, n is a medium refractive index, and α is a refraction angle of the prism. Structure period increases 2 3 3 / times in the case of a pyramidal triangular prism, and, respectively 2 times in the case of a pyramidal tetragonal prism with the same refraction angle α as in equation (2).
The use of parallel beam makes the structure period independent from the distance between sample and bi-prism, staying dependent only on wavelength and refractive angle (Fig. 1b) of the prism in the form of:
The distance of the best overlapping -X can be found using simple mathematical transformations. The lowest theoretical structure period for bi-prism with refractive angle α = 0.7 rad, wavelength of 1064 nm and refractive index of bi-prism n = 1.5 nm is around 900 nm. Larger refractive angle of prism causes total internal reflection of light, which precludes the desired interference of beams. Figure 2 shows a comparison of theoretical changes of fabricated structure with experimental results for pyramidal tetragonal prism. Good consistency between experimental results and theory allows for precise adjustment of experimental setup according to the requirements of specific tests. It should be noted that the decrease of period of interference structure below 20 μm requires only insertion of prism with a higher refractive angle.
EXPERIMENTAL RESULTS

DLIL patterning
DLIL experimental stand (Fig. 3 ) comprises of Nd:YAG laser oscillator with stable resonator and Q-switch modulator, single-channel laser amplifier, set of harmonic converters and prism interferometer. Output energy from the oscillator is 30 mJ, and pulse duration is 8÷10 ns. Inserted diaphragm assures generation of the fundamental transverse mode. After leaving the oscillator, the laser pulse is 
Harmonics subassembly converts the fundamental Nd:YAG laser wavelength to the wavelengths of 532 nm and 355 nm, allowing for the decrease in the period of the structures by two or three fold. The negative lens forms divergent laser beam, and the prism, positioned downstream the lens, divides the beam and projects the interference pattern on the sample (Fig. 1a) . Change of the sample position reflects in the change of structure period, according to equation (1) . Configuration without the lens (Fig. 1b) was also used in several experiments. Figure 4 presents a microscopic image of a linear structure with a period of 20 μm, created using two-beam DLIL with bi-prism. Dark areas represent a polymer substrate, whereas light lines refer to the diamond-like carbon (DLC) coating. The structure is characterised by a good contrast, constant period over the entire patterning area and homogeneity.
The depth of the pattern (grid) is dependent on the laser fluence in one pulse or in more precise micromachining on the number of subsequent laser shots. The last case needs the preservation of phase between shots, which is easily obtained in the-prism based interferometer. More complex 3D surface structures can be obtained by using more than two laser beams, or by multiple sample irradiation using different interference fields (hierarchical structures). Figure 5a shows a standard dot structure on the DLC surface over silicon as a result of interference of 4 laser beams using pyramidal tetragonal prism. Comparison of period with the overall dimensions shows the advantage of the DLIL in creation of ten thousand dots over the area of 1 mm 2 (in principle over 10×10 mm 2 ) in one or several subsequent laser shots. A period around 12 micrometres can be seen in Figure 5b . In the case presented in Figure 5c , the structure has been fabricated by five laser pulses with equal energy irradiating the same region of the sample, which is fairly difficult to achieve experimentally. The purpose was to create a dotted periodical structure on DLC surface with a thickness of 200 nm without perforation into the silicon substrate. Therefore, the contrast of a microscopic image is low. The desired grid has been obtained due to the precise selection of pulse energies and a very homogeneous cross-section of laser beam.
Axicon is a conical optical element with radial symmetry. It is used here to create circular structures due to its properties of dividing the laser beam into multiple beams and focusing them on the surface where interference occur. In the experiments quartz axicon was used, which, in combination with the pyramidal tetragonal prism, gives the ability of creating hierarchical structures, such as one shown in Figure 6 . Dotted micropatterns that have been fabricated in order to test induced endothelial cells adhesion, proliferation and morphology (described later in Chapter 3.2) are shown in Figure 7 . The total laser output energy was 600 mJ (λ = 532 nm) and number of subsequent laser pulses was around 600. The visible stability of the pattern grid and no blurring of the dots allowed precise control of the features dimensions. A period around 18 micrometres can be seen in a small inset in the upper-right corner of Figure 
I-cells -topography interactions
The analysis was performed using confocal laser scanning microscope CLSM Exciter 5. It is a fully automated system with full control of the microscope setup, the operating parameters of cell exciting lasers and stepless confocal aperture. Its key features include the ability to register up to 6 independent channels and their overlap, MULTITRACKING option that allows registration-free phenomenon of cross-talk with overlapping issues, ease of use due to the multi-excitation function REUSE software and recording of fast Among several conducted preliminary tests of cells behaviour on patterned DLC surface, two cases were the most interesting ones. The surface analysis of first of them is shown in Figure 8a . The grid consisted of dotted structure with linear channels along rows of dots. The cells did not align/grow along the channels. They were arranged in lines "defined" by the channels but direction was shifted about 25÷30 degrees relative to the direction of the channels. The detailed cell-material interaction is presented in Figure 8b . The progenitor cells are cells of the first split line. For differentiation to endothelial cells, they can be stimulated by suitable protein or fibronectin. In this work the main activator of differentiation was the substrate. The degree of activation of each antibody and the number of nuclei are shown in Figure 9 .
Another type of impact was observed on well type channels (Fig.  10) . With this type of scaffold's surface (Fig. 10a ) cells are distributed locally. The integration of the cell-material is presented in Figure 10b . The degree of activation of each antibody and the number of nuclei on the well-like surface are shown in Figure 11 . For this type of material, a strong activation of the anti CD 31, platelet -endothelium cell adhesion molecule was identified. There is no anti CD62E expression detected. Several nuclei confirmed dense occupation of the surface by the cells, but they do not form the appropriate monolayer. Tight junctions were surprisingly activated on the border between the cell and the substrate. There were no intracellular connections observed.
SUMMARY
The presented results of direct interference lithography using high power laser and different kinds of prisms show its potential in the microstructuring of surfaces. The technology allows one-step and even single shot (one laser pulse) manufacturing of surface structures in micro-and sub-micro-scale with a well-defined uniform long-range arrangement. Easy change of prism position allows for a fast change of the structure period. 1D-3D profiles presented here, created in surfaces of thin DLC layers are currently investigated as possible scaffolds for culturing of biological cells. Initial results show that modification of such biocompatible substrates improves the durability of cellular bonding with surrounding material, which in turn gives possibility of control of their growth, proliferation and orientation. Induced endothelial cells are suitable for use in vascular bioengineering. The use of appropriate procedures of de-differentiation of the cell makes possible to obtain the recipient's cells, de-differentiate them and re-introduce the appropriately directed differentiated cells to rebuild damaged tissue. Preliminary tests have revealed that cells did not grow (or align themselve) along the linear channels. Instead, they were arranged in lines "defined" by the channels at angle of 25÷30 degrees relative to the direction of the channels. On dotted (well type) scaffold's periodical structure cells were distributed locally. A strong activation of the anti CD 31, platelet-endothelium cell adhesion molecule was identified, and no anti CD62E expression was detected. Several nuclei confirmed dense occupation of the surface by the cells, but they do not form the appropriate monolayer. Tight junctions were surprisingly activated on the border between the cell and the substrate, but there were no intracellular connections observed.
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